Exposing medical students to the specialty of radiology is essential for recruiting excellent residents and cultivating an early understanding of the value of radiology in clinical practice. Several studies have demonstrated that medical student engagement at the undergraduate leveldthrough teaching, research, and mentorshipdplays an important role in determining students' choice of residency [1e4]. However, undergraduate medical curriculum development teams across the country often do not include a radiologist. This results in heterogeneous teaching that frustrates students and dampens their enthusiasm for our specialty.
Exposing medical students to the specialty of radiology is essential for recruiting excellent residents and cultivating an early understanding of the value of radiology in clinical practice. Several studies have demonstrated that medical student engagement at the undergraduate leveldthrough teaching, research, and mentorshipdplays an important role in determining students' choice of residency [1e4] . However, undergraduate medical curriculum development teams across the country often do not include a radiologist. This results in heterogeneous teaching that frustrates students and dampens their enthusiasm for our specialty.
The need for a unified undergraduate radiology curriculum was recognized at the University of British Columbia (UBC) over a decade ago. At that time, we conducted a national survey to identify the status of undergraduate radiology teaching in Canada. This survey identified a general lack of a unified syllabus, which resulted in redundant content, gaps in knowledge, and lack of continuity in medical school radiology curricula [5] . We were fortunate that the UBC medical school was undergoing curriculum renewal at that time and we were able to negotiate for lecture and laboratory time to try to address some of these deficits at our institution. Over the last 10 years, the radiology undergraduate curriculum has become an integral aspect of the UBC medical student experience. The purpose of this article is to highlight the challenges that we have encountered while implementing this curriculum and to provide some solutions we have found helpful in overcoming these obstacles.
Medical students will be taught imaging and it is vitally important to our specialty that we are the ones who teach it. This mandate was recognized in 2016 at the 79th Annual Scientific Meeting of the Canadian Association of Radiologists, during which the Undergraduate Education Chairs from across Canada met to call for a national undergraduate radiology curriculum. Although not without challenges, such collaborative efforts are essential in developing high-quality teaching and cultivating an interest in radiology among medical students.
Curriculum Design
The UBC medical undergraduate program (MDUP) is a 4-year program. The first 2 years are primarily preclinical, the third year is a standardized rotating clerkship, and the fourth year is a clinical elective year. Although the UBC MDUP is primary based out of Vancouver, it is a distributed program with students also situated in Prince George, Kelowna, and Victoria. One of our challenges has been to standardize the content and delivery of the curriculum across all these sites.
The undergraduate radiology curriculum was designed to equip graduates with the skills needed to interpret basic studies and to appropriately order imaging tests as most students will not become radiologists. We began by developing a set of lecture or course objectives and exit competencies, which were kept broad to facilitate their incorporation into the curriculum (Supplemental Appendix S1). The objectives were originally based on the Association of Medical Student Educators in Radiology curriculum [6] and have since evolved to include competencies related to the Canadian Medical Education Directives for Specialists framework [7] . The focus in the preclinical years is have students identify normal anatomic structures and understand the imaging modalities. The focus in the clinical years is to have students on recognize basic pathology and understand imaging appropriateness. The MDUP curriculum is structured as a spiral curriculum where learners revisit the same topics multiple times over their 4 years, with increasing complexity at each visit [8] .
The key to the successful implementation of our curriculum was in the creation of a UBC Radiology Undergraduate Medical Education Committee, which comprised medical students, residents, and staff radiologists who shared a passion for education and recognized the need for improved radiology exposure at the undergraduate level. This committee continues to meet quarterly to review and improve the curriculum (including physical and electronic resources, didactic lectures, and electives) and provide a forum to present and discuss concerns related to undergraduate education. This committee's mandate is also student engagement, including career planning, mentorship, and maintenance of a database of research and audit opportunities. We would highly encourage all institutions to centralize undergraduate educational activities (eg, content development, lecturer assignments) through a central committee to oversee quality and eliminate redundancy.
Preclinical Years
At our institution, radiology plays a central role in the preclinical years including an integrated radiological or gross anatomy course, didactic lectures, case-based learning (CBL), and clinical skills.
Radiological Anatomy
Since 2011, the UBC anatomy curriculum has been integrated, including teaching students both radiological and gross anatomy [9] . This has been enhanced throughout the years based on student evaluations of the course. In the preclinical years, medical students currently receive 37 hours of anatomy lectures and 82 hours of lab time for cadaveric dissection, in addition to self-directed online modules. Lecture time is split between gross and radiographic anatomy. Students typically have a gross anatomy lecture, followed by a related radiological lecture, and then by the corresponding cadaveric dissection. In the gross anatomy laboratory, iPads connected to large screens allow students to review the radiological anatomy during cadaveric dissections. An example of this integration is shown in Table 1 .
The radiological anatomy component follows a flippedclassroom structure in which students are expected to review an integrated online module before the session to introduce key concepts. Modules ( Figure 1 ) were created using the Articulate Storyline Software (Articulate, New York, NY) and hosted on our departmental website, where they are free to access [10] . We obtained a license agreement to use the images from the Visible Human Project in order to develop correlation modules between gross and radiological anatomy ( Figure 2 ) in addition to radiology anatomy modules [11] . There was no cost associated with obtaining this license agreement.
This flipped-classroom format has been well received by medical students. In 2013, this integrated radiological anatomy and gross anatomy course was formally assessed by the MDUP through course evaluations. At this time, 98% (238 of 242) of first year students identified the online modules helpful for learning anatomy, and 96% (234 of 243) claimed that lectures alone were insufficient to learn radiological anatomy. Students liked the flexibility of access and most importantly, interactivity of the modules. Indeed, 90% (222 of 247) of students preferred the more interactive modules compared to the point-and-click online format. These modules incorporated didactic material, consequently decreasing the lecture load for students. Recent literature has demonstrated that a flipped-classroom approach can be superior to didactic lectures for delivering radiology content to undergraduate students [12] . In general, students felt that the gross and radiological anatomy integration was helpful to their learning and 72% (176 of 246) felt that the content appropriate for their level of training. Students found it especially useful when the correlation between radiological and gross anatomy was essentially 1:1 (Table 1, Figure 2 ). In addition, students wanted to see examples of common pathologies on imaging. This was subsequently implemented to strengthen students' clinical experiences, which are concurrent with their foundational sciences education. However, for first-year students, it is important to select straightforward pathology that highlights the importance of recognizing normal anatomic structures.
Medical undergraduate programs in the United States and Europe have integrated radiological images into teaching medical students anatomy [13, 14] . Similar to our experience, most of these integrated curricula are delivered through standard educational pedagogies such as lectures, small group discussions, and self-instruction [14] . Unfortunately, it has been reported that there is a decrease in the number of radiologists involved in delivering these integrated curricula [14] . If radiologists are not currently involved in undergraduate anatomy teaching, it is worthwhile to approach the institutional anatomy department to discuss the possibly of collaboration. In most cases, anatomists will welcome this partnership as radiologists have access to images and an indepth understanding of clinical anatomy.
Didactic Lectures
In addition to the radiological anatomy lectures, there are several independent didactic lectures given by radiologists throughout all 4 years of the MDUP. For example, at UBC, we give the following 50-minute lectures in year 1: Introduction of the Imaging Modalities; Hypertension: Abdominal Imaging Cases; Spine Imaging: Recognizing Normal From Abnormal; Imaging the Thyroid; and Imaging the Adrenals. There are also a few lectures that are team taught by a radiologists and another physician (eg, neurologist or pathologist). An example of this is the central nervous system infection lecture, which is a collaborative lecture between radiology and pathology in year 1. Identifying lecture topics where there is radiology content and offering to provide images and teach around them in a collaborative lecture format can be a good way to gain traction in the undergraduate curriculum and ensure that imaging content is delivered in a standardized manner by a content expert.
Case-Based Learning
UBC medical students engage in CBL, which has been shown to be superior to problem-based learning [15] .
Students meet in small groups (8-10 students) 3 times/week and are presented with sequential information in a clinical case, usually including imaging content. Historically, medical students at UBC were disappointed with the quality of radiology images presented in CBL [5] . These students have worked with our department to update all the images, image labels, and image descriptions, and this process was helpful for us to better understand what learning strategies students preferred. For example, these preclinical students always wanted to see an example of normal and to see each image with and without labels. The MDUP course directors welcomed our involvement and we now oversee every image presented in the over 50 CBL cases. Although laborintensive, updating the images in any CBL is an excellent way to improve medical students' perception of images and the practice of radiology.
Clinical Skills
Integration of ultrasound into the clinical skills course at UBC is currently underway. This is achieved through collaboration with multiple clinical disciplines, with sessions taught by radiologists, internists, and emergency medicine physicians. It is our opinion that point-of-care ultrasound (PoCUS) will eventually be taught at all medical schools and if radiologists are not active participants in the process, we will lose an opportunity to demonstrate the appropriate use of PoCUS. Therefore, we encourage all radiologists to be involved in the development and teaching of ultrasound, including PoCUS, at the undergraduate level, notwithstanding the controversy that exists in the literature [16] .
In the hands of medical students, we view ultrasound as an extension of the physical examination rather than a diagnostic test. A similar viewpoint was expressed in a 2013 editorial published in the Canadian Journal of Emergency Medicine: ''A key feature of PoCUS is that it is not a replacement to traditional ultrasound practice but a limited ultrasound examination usually practiced at the bedside of the patient, in suboptimal conditions with time limitations'' [17] . This approach to PoCUS is reflected in the UBC curriculum, where students study the abdominal physical exam in conjunction with the abdominal ultrasound examination. The ultrasound sessions that are currently implemented include abdominal, cardiac, and volume status assessments. This represents an exciting opportunity for our specialty to be involved in the teaching of clinical skills. In 2016, 75% of small group abdominal ultrasound sessions at UBC were taught by radiologists and radiology residents.
Although there are controversies around the use of PoCUS, this represents an opportunity for radiologists to expand their role in undergraduate teaching and to ensure that medical students are aware of the limitations of PoCUS and the value added by radiology. Pilot studies at other institutions have demonstrated the benefits of involving radiology in teaching POCUS to medical students [18] . In addition previous studies have suggested that one way to increase medical student interest in radiology is through clinical interaction and teaching, and being involved in the PoCUS curriculum provides an excellent opportunity to achieve this [19] .
Clinical Years
Third-year clerkship students have a list of ''must see, must do'' clinical objectives, which itemizes the expected clinical scenarios and competencies that third year students must encounter or demonstrate during their clerkship. Although there is no mandatory radiology clerkship rotation at UBC, this must see, must do list includes the items chest x-ray interpretation and abdominal x-ray interpretation. These objective are monitored by the MDUP and students who do not complete these objectives may be considered for remediation. In addition, we have adapted this UBC ''must see, must do list'' to create a separate list of recommended radiology cases for third-year clerkship, which are shown in Table 2 . This list is very similar to the list of must-see cases published in the Association of Medical Student Educators in Radiology curriculum [6] .
In third year, there is 1 case-based or didactic radiology session as part of the introduction to clerkship week. This small group session, which is taught by residents, equips students with an understanding of how imaging works in the hospital and reviews some common cases. In the fourth year, UBC students return to the classroom for a preparation to medical practice course where radiology gives 10 hours of didactic lectures to prepare students for residency. Topics include imaging appropriateness, interpreting basic imaging studies, and recognizing common pathologies (Appendix 2).
Elective rotations in radiology are available to both thirdand fourth-year medical students. These are offered in academic centres, community hospitals, private practices, and subspecialty areas (eg, pediatrics). There is an online module of daily cases that elective students must complete as a rotation requirement [20] . In general, medical students have preferred their community radiology electives because they have the opportunity to spend more time working with staff radiologists on a 1:1 basis.
Summary
It is critical that undergraduate radiology education is presented in a unified manner that integrates with the goals of the medical school curriculum as a whole. Although this curriculum is challenging and resource-intensive to develop, it is important for our specialty that radiologists persevere. At times, this experience can be uncomfortable and challenge us to think creatively about an issue, such as PoCUS, to find common ground with clinical colleagues. In Table 3 , we highlight the top 5 lessons that we have learned creating this curriculum over the last decade.
Developing a strong undergraduate curriculum is more than developing a list of objectives; it is creating an opportunity to demonstrate to students the value that radiologists add to the care of patients. This requires direct involvement of radiologists in both curriculum development and delivery. Table 3 Top 5 lessons learned during our 10-year experience developing an undergraduate radiology curriculum 1. Identify and support a leader within the department who has an interest in undergraduate education. 2. Create a committee through which all undergraduate educational material is vetted to ensure quality and consistency. 3. Involve medical students and residents in the design and creation of educational content. 4. Establish relationships and collaborate with colleagues from other departments. 5. Ensure that the material is applicable at all medical students, regardless of their intended career. 
